Modified prepenicillinase was accumulated in both Escherichia coli and Bacillus subtilis treated with globomycin. Although the inhibitions of processings of prepenicillinase and prolipoprotein by globomycin in E. coli are qualitatively similar, they differ in the degree of inhibition at given concentrations of globomycin. The processing of prepenicillinase proceeds much more rapidly in E. coli than in B. subtilis.
Modified prepenicillinase was accumulated in both Escherichia coli and Bacillus subtilis treated with globomycin. Although the inhibitions of processings of prepenicillinase and prolipoprotein by globomycin in E. coli are qualitatively similar, they differ in the degree of inhibition at given concentrations of globomycin. The processing of prepenicillinase proceeds much more rapidly in E. coli than in B. subtilis.
We have previously reported that Bacillus licheniformis penicillinase is modified and processed in both Escherichia coli and in B. licheniformis to become the membrane-bound form which contains N-acyl-glyceride-cysteine at its NH2 terminus (8) . This observation provides further evidence that there exists in E. coli and in gram-positive bacteria a unique modification and processing system for the biosynthesis of lipoproteins in bacteria. The specificity of this system is reflected in two ways. There appears to be a conserved amino acid sequence (LeuAla-Gly-Cys) in the signal sequences of precursor forms of lipoproteins which is recognized by the prolipoprotein glyceryl transferase and 0-acyl transferases to form glyceride-prolipoproteins which are in turn processed proteolytically by a unique prolipoprotein signal peptidase. Second, the latter enzyme is exquisitely sensitive to inhibition by a cyclic peptide antibiotic globomycin (5 
MATERIALS AND METHODS
Bacterial strains. The strains used in the present study were as follows: E. coli SYC488 (strain MM294 which is similar to strain 1100.293 [10] , carrying plasmid pSYC310-2, which encodes the structural gene of penicillinase from B. licheniformis [1] (2) and for the pulse-chase experiment (9) were previously described.
Immunoprecipitation and SDS-polyacrylamide gel electrophoresis analysis of labeled penicillinase and lipo-774 HAYASHI AND WU protein. The acetone-washed TCA precipitates of E. coli cells were solubilized with 1% sodium dodecyl sulfate (SDS) in 10 mM sodium phosphate buffer (pH 7.0) at 100°C for 10 min. For the B. subtilis cells, the acetone-washed TCA precipitates were suspended in 10 mM sodium phosphate buffer (pH 7.0). The suspensions were incubated with lysozyme (500 ,ug/ml) for 10 min at room temperature, and solubilized with SDS (final concentration, 1%) at 100°C for 10 min. The SDS-solubilized samples were immunoprecipitated (6) with rabbit antisera prepared against purified penicillinase of B. licheniformis and with antisera against purified lipoprotein of E. coli, respectively. The immunoprecipitates were analyzed by SDS-polyacrylamide,gel electrophoresis. After autoradiography or fluorography, the bands corresponding to the precursor and mature forms of both penicillinase and lipoprotein were sliced, and the radioactivities were measured by liquid scintillation counting.
Other biochemical techniques and materials. SDSpolyacrylamide gel electrophoresis was carried out as described previously (4, 7). The radioisotopes were purchased from New England Nuclear Corp., Boston, Mass. Fixed Staphylococcus aureus cells were purchased from Calbiochem, La Jolla, Calif. Globomycin was a gift from M. Arai, Sankyo Co., Tokyo, Japan.
RESULTS
Modified prolipoprotein and modified prepenicillinase accumulated in E. coli and B. subtilis cells in the presence of globomycin. Globomycin selectively inhibits the processing of modified prolipoprotein (2, 5) . Previous attempts to demonstrate the accumulation of prepenicillinase in globomycin-treated cells of E. coli and B. licheniformis had been unsuccessful (8, 11) . We have modified our experimental protocol in two important ways to detect prepenicillinase in globomycin-treated cells: a shorter period of globomycin treatment and an instantaneous termination of labeling and secondary processing reactions by TCA precipitation of whole cells. With these modifications, we were able to detect the accumulation of both prolipoprotein and prepenicillinase in E. coli in the presence of globomycin (Fig. 1) . The accumulations of both prolipoprotein and prepenicdillinase in E. coli were dependent on the concentration of globomycin, although the prepenicillinase accumulated to a lesser extent than prolipoprotein at given concentrations of globomycin. In B. subtilis, 40% of total penicillinase was present in the precursor form during 5-min labeling without globomycin treatment. With increasing globomycin concentrations, the processing of prepenicillinase was also inhibited with concomitant increase in prepenicillinase (Fig. 2) .
Hussain and his co-workers have reported previously that the prolipoprotein accumulated in globomycin-treated cells was modified with glyceride (2) . To determine whether prepenicillinases accumulated in globomycin-treated E. (Fig. 3-A) . In contrast, prepenicillinase in B. subtilis was readily labeled with
[3H]palmitate (Fig. 3-B 1. er than that in E. coli. To study the the maturation of penicillinase in E. B. subtilis, we carried out pulse-ch, ments as shown in Fig. 4 and 5. No pr ase was detected even with a 10-s pu in E. coli. Under the same condition, tein which could be chased to mature very rapidly during a 30-s chase w' (Fig. 4) . In contrast, prepenicillinase for more than 60% of the total p produced during 1-min pulse-labeling tilis and was converted to the mature linase during a 5-min chase in B. subt, Similar results were obtained when I experiments were carried out at 25°C Pre-pen.
PenI
The results in this communication provide further evidence that the modification and processing of B. licheniformis prepenicillinase proceed in E. coli and in B. subtilis by biochemical reactions similar to those used for the biogenesis of Braun's lipoprotein in E. coli (8) . The key feature common to the maturation of penicillinase and Braun's lipoprotein in E. coli is the specific inhibition of the processing of modified precursor proteins by globomycin. This is most likely due to the existence of a unique globomycin-sensitive prolipoprotein signal peptidase in E. coli, B. subtilis, and many other gram-posi-80 pg/mi tive and gram-negative bacterial species (12, 13, 15) .
Although the inhibition of processings of prepenicillinase and prolipoproteins by globomycin se in B. sub-is qualitatively similar, they differ in the degree armytchensambe of inhibition at given concentrations of globomycin (Fig. 1) . This observation suggests that the structures and conformations of the precursor proteins affect the inhibition by globomycin of the processing of different precursor proteins kinetics of presumably catalyzed by the same signal pepticoli and in dase. This conclusion is further supported by the ase experi-observation that structural changes in Braun's epenicillin-lipoprotein are often accompanied by altered 1se-labeling susceptibility of their processing to globomycin prolipopro-inhibition. One of such mutants, designated 6-lipoprotein 23, which produces an altered lipoprotein with as detected an arginine to cysteine substitution at the 48th accounted residue of mature lipoprotein, was more resistienicillinase ant to globomycin, and the rate of processing of g of B. sub-mutant prolipoprotein was slower than that of prepenicil-wild type (C. Z. Giam, S. Hayashi, and H. C. ilis (Fig. 5) (11) . In the present study, we found that the incorporation of palmitate into the prepenicillinase accumulated in globomycin-treated cells was greatly reduced as compared to the incorporation of glycerol into prepenicillinase in E. coli (Fig. 3-A) . These data seem to indicate that globomycin or a contaminant in globomycin may affect the incorporation offatty acid into the precursor proteins. The difference between previous reports of severe inhibition of palmitate incorporation into penicillinase and the present study may be due to a shorter period of globomycin treatment at a lower level of globomycin concentration. We have further shown in this paper that the processing of penicillinase in E. coli proceeds much more rapidly than that in B. subtilis. This is not surprising inasmuch as Braun's lipoprotein constitutes the most abundant protein in E. coli. Although the kinetics of prepenicillinase processing in E. coli is extremely rapid, the processing of the same enzyme in B. subtilis appears to be largely post-translational. We could detect a significant amount of prolipoprotein during a 10-s pulse in E. coli, although we failed to detect prepenicillinase under the same condition. This difference may simply reflect their difference in molecular sizes. For a small protein like Braun's lipoprotein, post-translational processing is very likely. This is in full agreement with the in vitro results that the prolipoprotein can be modified and processed post-translationally (14) . These results do not exclude the possibility that insertion of prepenicillinase into the bacterial cytoplasmic membrane is cotranslational.
